Abstract: Automatic DNA sequencing and fragment analysis applications have increased dramatically during the last few years. We describe here the introduction of a new unattended operation DNA sequencer based on capillary electrophoresis technology and simultaneous fluorescence detection for a variety of applications and the development of a new recombinant thermostable sequencing enzyme (Amplitaq FS' DNA polymerase) for fluorescence sequencing.
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The demand for highly automated high throughput automatic sequencing is growing very rapidly as a consequence of the different genome sequencing projects currently being performed. To hlfill these requirements as much as possible, new instruments have recently been developed capable of sequencing as many as 36 samples simultaneously at speeds of 200 bases per hour (bph). However, these instruments based on slab gel electrophoresis technology still require manual preparation of gels and manual sample loading, besides their limited flexibility when running small number of samples. The introduction and extremely fast development of the polymerase chain reaction (PCR') during the last ten years has had an enormous impact in the field of genetic analysis, making it widespread and easily accessible for many different applications. For example, cancer research (1 -3), cancer detection (1-6), forensics (1-3, 7-1 l), mutation detection (1-9, 12-15), prevention of genetic diseases (1,7-9, 16,24), animal husbandry (17, 18), water testing (1 9-20), pathogen detection (2 l), plant breeding (21 -22), virology (7-9,23), etc. Much of this work is presently carried out with traditional manual techniques which still make ample use of radioactive and mutagenic substances and are also very labour intensive. The higher work load, both DNA sequencing and DNA fragment analysis application laboratories are facing has created the need for highly automated new systems, easy to operate, safe, with adequate sample throughput and flexibility and low sample quantity requirements, albeit, at a reasonable cost.
Capillary electrophoresis meets most of these requirements and consequently has been an area of intensive research and developments during the last five years in: DNA sequencing (25-34), DNA fragment analysis (35) (36) (37) (38) (39) (40) (41) and PCR product analysis (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) . Progress in the application of CE to DNA sequencing had been hampered by the limited stability of gels in capillaries causing bubble formation and steady decline of current (25) . These problems and the loss of resolution observed for large DNA fragments when high electric fields are used to speed up the separation process led different researchers to use linear polyacrylamide as the sieving matrix for the separation of the DNA fragments (25,27,46).
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1 Amplitaq is a registered trademark of Roche Molecular Systems,Inc. 2 The PCR process is covered by patents owned by Hoffmann-La Roche,Ltd. 3 AI3I PRISM is a trademark of The Perkin-Elmer Corporation. 4 Sequenase is a registered trade mark of United States Biochemical Corporation.
Recently The Perkin-Elmer Corporation's Applied Biosystems Division has introduced the first commercial CE DNA sequencer, which overcomes most of the above mentioned problems, making automated fluorescence-based CE DNA sequencing practical (47) . It provides full automation, no gel pouring, automatic sample loading and automated data analysis under full computer control. The development of two proprietary polymers, one for sequencing purposes and another for DNA fragment analysis has been fundamental for in this step forward. This instrument takes advantage of the four-dye fluorescent sequencing technology developed by the Applied Biosystem Division. Based on the Sanger sequencing methodology, the use of four different dyes allows distinct labeling of all four extension reactions. Each dye emits light at a different wavelength when excited by laser light and thus all four reactions can be detected and distinguished in a single capillary. This strategy allows therefore simultaneous detection of all four signals in a single run, improving sequencing accuracy, precision and throughput. The fluorescent dye-labels can be incorporated into the DNA extension products using either 5'-dye label primers (dye-primers) or 3'-dye label dideoxynucleotide triphosphates (dye terminators). The most appropriate labeling method to use will depend on sequencing objectives, performance characteristics of each method and on the nature of the sample (48) . Dye terminator labeling methodology requires very few pippetting steps as all four sequencing reactions are performed in a single tube, no labeled primers are required and obviously, false stops are not detected. Dye-primer labeling requires four separate extension sequencing reactions and the products of these reactions be combined together before the separation process. The main advantages of this strategy are more even signal intensity of bases -which enables homo and heterozygote determinations -and slightly longer read lengths (48) .
The system's main features comprise a single capillary, 15 KV power supply, heat plate for temperature control, fixed laser induced fluorescence simultaneous detection system with CCD camera, syringe pump for low and high viscosity solutions and a 48-96 sample autosampler. The syringe pump is made up of two different plunger positions, one capable of developing pressures up to 1800 psi. for the high viscosity polymer and another capable of generating up to 28 in. Hg vacuum for the low viscosity DNA fragment analysis polymer. The electrophoresis power supply allows control of voltage applied between lOOV to 15 Kvolts and the capillary heat plate controls temperature between ambient and 60°C. The argon ion laser with excitation lines at 488 and 514nm is adjustable to 10 miliwatts. For DNA sequencing purposes a capillary of 75pm ID is used with a length of 36cm from the injection end to the detector window (total length 47cm), externally coated with polyimide to prevent breakage and internally coated with a covalently bonded fluorocarbon to suppress electrosmotic flow. The capillary used for DNA fragment analysis is of the same characteristics except it is not internally coated. Both types of capillaries can be used to run at least 100 samples. The DNA sequencing polymer is pumped fresh for every sequencing reaction analysis overcoming the limited lifetime of gel-filled capillaries and avoiding sample carryover. The polymer is composed of a 5% w/v polymer solution with 6.6M urea (40%) in 0.1M TAPS buffer (PH 8.0) With a proprietary template suppression reagent used to prevent clogging of the capillary with DNA template during injection. Samples are electrokinetically injected at 5OV/cm during 20-30 sec. and the separation process is carried out at 42OC, with an applied voltage of 160V/cm during 2.5 hours. The typical length or read is of 425 bases per run (between 25 and 450 bases) with a basecalling accuracy better than 98,5%. Double stranded, single stranded, PCR products or cloned DNAs are adequate templates, and standard sequencing chemistries with amplitaqTM , amplitaq FSTM or sequenaseTM can be used.
Although DNA fragment analysis is outside the scope of this article, it is important to point out the system can automatically carry out rapid separations (typically 25 minutes) of DNA fragments of around 300 nucleotides in length with a resolution of 2 base pairs for a wide variety of DNA analysis such as : microsatellite studies both of STRs (short tandem repeats) (5 1) under denaturing conditions and VNTRs (variable number of tandem repeats) (51) of short and long DNA fragments under nondenaturing conditions. Other applications include automatic single strand conformation polymorphism (SSCP) analysis (49), quantitation of RT-PCR products, linkage mapping (52-53), mutation detection (54), etc. The system's capability of multiple colour detection of laser-induced fluorescence allows simultaneous runs of multiple samples with an internal standard to correct differences in fiagment mobilities ensuring accurate and reproducible results.
PCR labeling is easily accomplished either with fluorescent labeled primers or directly during the PCR reaction with fluorescent dNTPs. Capillaries are refilled with low viscosity sieving polymer (which dynamically coats the capillary wall to prevent electrosmotic flow) before each analysis easily and quickly. Multiple sample injections and variable injection times ensures the analyst to be able to detect weak samples with high sensitivity. This new automatic laser-induced fluorescence based CE DNA genetic analyzer provides analysts with a highly accurate, reproducible and sensitive system, easy to use yet sufficiently flexible for a variety of applications, for the first time eliminating the need for tedious and labour intensive slab gel pouring and manual sample loading. Multi-dour fluorescence technology simplifies DNA sequencing allowing conventional state of the art Sanger sequencing chemistries to be used unaltered and enhances DNA fragment analysis throughput allowing simultaneous detection of multiplex PCR reactions with an internal standard (50).
A M P m X P l F S O~, N C I N G E N m u E Developments to simplify sample preparation and sequencing chemistries are as important for total sequencin automation as instrumental innovations. Amplitaq FS thermostable sequencing enzyme has been developed and specifically designed by Roche Molecular Systems' scientists for automatic fluorescence sequencing applications. This DNA polymerase is a recombinant form of AmplitaqTM DNA polymerase (55) with two genetically engineered mutations. The first mutation practically eliminates the native enzyme's 5'->3 'nuclease activity generating cleaner data with reduced background noise and virtually no false terminations. The second mutation affects the enzyme's incorporation efficiency of ddNTPs in both dye-primer and Ilrl..,~".,r..I.....I,I.I.."..............1.."........1... dye-terminator reactions, generating higher fluorescent signals. As a result, as little as 0.1 -0.2pg of single stranded DNA or 0.25-0.50pg double stranded DNA starting template is now required with this new enzyme. As a consequence, smaller amounts of dye-labeled ddNTP terminators are needed and a simple ethanol precipitation is all that is necessary for elimination of residual dye-terminator ddNTPs. Additionally, this higher incorporation efficiency of ddNTPs, when using dye-primer chemistry, results in much more uniform peak heights ( fig. 1 ) making this chemistry with the new enzyme an excellent choice for PCR-comparative sequencing aimed at identifying mutations and polymorphisms ( fig. 2) . Finally, sequencing templates with high GC content and/or homopolymer regions is easier and more robust with this thermostable enzyme ( fig. 3) .Following are two examples of sequencing reactions with the new CE DNA sequencer ( fig. 4 ) and an heterozygous sample detection with the above mentioned new enzyme ( fig. 5 ). These two important new developments in automatic DNA sequencing will make this fundamental technology far more accessible to many laboratories and will also help sequencing of difficult samples and heterozygoushomozygous detection easier.
